Evidence for a functional role for histidine in lysyl oxidase catalysis.
The pH-dependent kinetics of lysyl oxidase catalysis was examined for evidence of an ionizable enzyme residue which might function as a general base catalyzing proton abstraction previously shown to be a component of the mechanism of substrate processing by this enzyme. Plots of log Vmax/Km for the oxidation of n-hexylamine versus pH yielded pKa values of 7.0 +/- 0.1 and 10.4 +/- 0.1. The higher pKa varied with different substrates, reflecting ionization of the substrate amino group. A van't Hoff plot of the temperature dependence of the lower pKa yielded a value of 6.1 kcal mol-1 for the enthalpy of ionization. This value as well as the pKa of 7.0 are consistent with those of histidine residues previously implicated as general base catalysts in enzymes. Incubation of lysyl oxidase with low concentrations of diethyl pyrocarbonate, a histidine-selective reagent, at 22 degrees C and pH 7.0 irreversibly inhibited enzyme activity by a pseudo first-order kinetic process. The inactivation of lysyl oxidase correlated with spectral and pH-dependent kinetic evidence for the chemical modification of 1 histidine residue/mol of enzyme, the pKa of which was 6.9 +/- 0.1, within experimental error of that seen in the plot of log Vmax/Km versus pH. Enzyme activity was restored by incubation of the modified enzyme with hydroxylamine, consistent with the ability of this nucleophile to displace the carbethoxy group from N-carbethoxyhistidine. The presence of the n-hexylamine substrate largely protected against enzyme inactivation by diethyl pyrocarbonate. These results thus indicate a functional role for histidine in lysyl oxidase catalysis consistent with that of a general base in proton abstraction.